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Until 5 years ago, the arachnid fossil record was sparse. 1t was dominated by a comparative
wealth of forms in Carboniferous Coal Measure sediments, and near-rmodern forms from
Palacogene Ballic amber. Both these relatively well-documented sources and the few
reported finds elsewhere in the recond suffered Irom crmoneous imerpretations. In reeent
years, new intespretations of existing fossils and a lew spectacular new finds have Nlled in
the gaps in the record and changed our knowledge and views of the eourse of arachnid
cvolution. Particular examples are: Devoniun psendoscorpions and spiders, book-lungs in
Carbonifernus scorpions, Trassic mygalomorph spiders, and Jurassic and Cretaceous
araneomorph spiders. Phylogenetic systematic analyses of eatant arachnids have produced
evolutionary scenarios which confliet with the observed fossil record in parts, The newly
expanded knowledge of the {ossil record allows better wests for the cladograms. Fulure work
on reintempretation of knows Carbomferous and Palacogene fossils, on rare Mesozoic
arachnids, and on arachnids in the carliest known terrestrial ecosystems in the Silurian will
add 10 our knowledge of the Tossil record of the arachnids and further cnhance testing of
phylogenctic hypotheses [DAglaspidida, Arachnida, Cheliceraia, palaenntalogy, phyvlogenty,
Pyenogonida.

Paul A. Selden, Depariment of Geology, University of Manchester, Manchester M13 9PL,

United Kingdom; 10 November, 1992

For maost of this century, one name dominated
the literature on tossil arachnids, that of
Alexander Petrunkevitch (1875-1964),
Petrunkevitch (1955; in Stgrmer, 1955) sum-
marized the arachnid fossil record to mid-century
(Fig 1) in the ‘Treatise on Invertebrate
palacontology” and although he published on
amber spiders after 19585, the broad view of the
fossil record of chelicerates remained little
changed until about a decade ago. Few workers
cither published on fossil arachnids or disputed
Petrunkevitch’s assignments during his lifetime.
Only recently, during restudy of the fossils, have
many errors and misinlerpretations in his work
come to light,

In the fossil chelicerate record published in the
“Treatise” (Fig. 1}, the Merostomata (essentially
aquatic chelicerates) are separated from the
Arachnida. Second, most of the arachnid side
consists of dashed lines converging towards the
basc of the Cambrian, indicating lack of fossil
record and uncertainty of affinites respectively.
Third, apart from one dubious palpigrade and
some scorpions. there are no other records of
Mesozoic (Triassic-Cretaceous) arachnids.
Fourth, there is u clear pattem in the temporal
distribution of the fossils: a concentration of
records in the Upper Carbonifernus, and many
modern groups also occur in the Palacogene
(early Tertiary). The former records are from the

Coal Mcusures of Europe and North Americs, for
cxample: Mazon Creck, INinois; Coscley.
England: and Nyrany, Czechoslovakia. The
Palacogene oecurrenees are mainly from Balte
amber. Although Trigonotarbida and a ques-
tionable record of Araneae had been known from
the Devonian Rhynie Chert of Scotland since
Hirst (1923), they were omitted from the diagram.
(In addition, Petrunkevitch knew of undescribed
Lebanesc amber opilionids and some Cretaceous
spiders from Manitoban amber).

Petrunkevitch developed theores on the evolu-
tion of arachnids, which resulted in his supercr-
dinal classifications of 1945 and 1949. He
recognized a number of ‘evolutionary trends’.
such as the movement of the mouth rearwards
from the Xiphosura to the arachnids, and the
reduction of the metasoma to a tail or pygidium.
One of the most important characters used in his
classifications 18 the width of the connection be-
tween prosoma and opisthosoma, i.e. reduction of
the first abdominal somite to a pedicel
Petrunkevitch (1945) divided the class Arachnida
mto two subclasses, Latigastra and Caulogastra,
on the basis of' a broad or a narrow prosoma-opis-
thosoma conncction respectively. Later,
Petrunkevitch (1949) added the subclass Soluta
to the scheme to include solely his new order
Trigonotarbida which he considered cxhibil hotl
wide and narrow junctions. Another subclass, the
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FIG. 1. Stratigraphic ranges of Chelicerata and
Aglaspidida and presumed phylogenctic relation-
ships (from Stgrmer, 1955).

Stethostomata, was created at this time to accom-
modate the orders Anthracomartida and Hap-
topoda which supposedly have a broad
prosoma-opisthosoma junction and a unique
coxosternal region. Petrunkevitch’s (1949) clas-
sification schemc, used in the ‘Treatise’, has not
stood the test of time. Weygoldt and Paulus
(1979) noted its use in some textbooks but
pointed out severe deficiencies in the scheme
when other characters are taken into account.
Petrunkevitch was a devout proponent of the
idea of the ‘decoupling’ of macroevolution and
microevolution. He envisaged major fcatures
(those which define higher taxa) originating by
mutation or other accelerated evolution, whereas
minor morphological differenees (those which
separate species, forexample) could provide only
long, slow evolution and rarely produced higher
taxa (Petrunkevitch, 1952, 1953). Petrunkevitch
(1955) envisaged extinction occurring when irre-
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versible evolutionary trends took groups down
blind alleys—useful trends which proved lethal
when taken to extreme or when environmental
conditions changed. Characters could therefore
be described as ‘major’ or ‘minor’, depending on
the taxonomic rank they diagnose. Provided the
‘rank’ of a charaeter is not decided a priori, there
is no problem; however, difficulties arise when
character states do not clearly change at taxon
boundaries. For example, in a diagnosis of the
subclass Soluta Petrunkevitch, 1949 is: ‘ab-
domen composed of 8§ to 11 segments’
(Petrunkevitch, 1955, p. P107). Petrunkevitch
described this variability as the character being in
a ‘labile’ state. So, the subclass Soluta is diag-
nosed on the labile condition of the abdominal
segmentation, the presence of either a broad or a
narrow junction between the opisthosoma and
prosoma (see above), and the overall
resemblance of the coxosternal region to that in
spiders [my italics]. Petrunkevitch (1955) argued
that solutes are not spiders because of the com-
bination of characters in the group, and addition-
ally they showed asingle series of marginal plates
on the opisthosoma. Obviously, such a group
could also be considered a eollection of quite
different animals placed together through their
shared possession of a spider-like coxosternal
region.

Restudy of fossil solutes reveals that the prob-
lem lies mainly in Petrunkevitch’s inability to
correctly interpret fossil material. The number of
segments in the Soluta is invariably 11 (Shear er
al., 1987) but the number Petrunkevitch inter-
preted in each specimen differed according to its
preservation. Thus, where a 2-segmented
pygidium was preserved, then 2 additional seg-
ments were counted over specimens which did
not preserve this organ, and the short first ab-
dominal segment is not always visible in fossils.
Similarly, the interpretation of the prosoma-opis-
thosoma junction depended on how closely these
tagmata were conjoined in the fossil.

Petrunkevitch described Trigononartus pus-
tulatus, and noted (1913, p. 104): ‘The
cephalothorax being much harder, kept more or
less its shape, and what appears on it as a median
erest was in reality a median groove. The ir-
regular, polygonal depressions were evidently
thickened areas of the chitin and formed in life
low elevations.” But, two pages before he had
diagnosed the new genus thus: ‘Carapace trian-
gular with a median crest in the posterior half,
covered with irregular polygonal depressions.’
Thus he had recognized that the fossils were
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Sanctacaris) (Grasshoff, 1978; Boudreaux, 1979;
Paulus, 1979; Weygoldt and Paulus, 1979;
Weygoldt, 1980), thereby rendering Meros-
tomata an unnatural group.

ScoRPIONS

Scorpions are the arachnid group with the ear-
liest known ancestors; the most ancient known
scorpion is Dolichophonus loudonensis (Laurie,
1889) from the Llandovery of the Pentland Hills,
near Edinburgh, Scotland. Kjellesvig-Waering
(1986) proposed a controversial classification
scheme. Stockwell (1989) produced a more ac-
ceptable classification scheme of Scorpionida
which included fossils, but it has yet to be pub-
lished formally., A linchpin of Kjellesvig-
Waering's classification was the supposed
Devonian gilled scorpion described as Tiphos-
corpio hueberi. Restudy of this material (Selden
and Shear, 1992) revealed thatit is not a scorpion
but an arthropleurid myriapod!

The early Silurian record of scorpions could be
interpreted as representing the earliest terrestrial
animals since all modern scorpions are terrestrial.
However, all Silurian fossil scorpions occur in
marine or marginal marine sediments, and mor-
phological features suggest an aquatic mode of
life. Petrunkevitch (e.g. 1953) considered all fos-
sil scorpions were terrestrial, but other workers
(e.g. Wills, 1947; Stormer, 1970; Rolfe and Be-
ckett, 1984; Kjellesvig-Waering, 1986) argued
for an aquatic habitat for Silurian scorpions at
least. Evidence for aquatism among fossil scor-
pions are: gills and digitigrade tarsi, as well as the
absence of terrestrial modifications such as coxal
apophyses, stigmata, book lungs, trichobothria,
highly developed pectines and plantigrade tarsi.
There is overlap in the ranges of aquatic and
terrestrial scorpions but the first terrestrial forms
probably appeared the Devonian (Selden and
Jeram, 1989). It is not easy to decide whether a
given fossil had an aquatic or terrestrial mode of
life; the original environment of the enclosing
sediment is commonly the best clue, but a recent
find is worthy of cspecial note: wcll preserved
book lungs in a Carboniferous (Visean) scorpion
from East Kirkton, near Edinburgh, Scotland
(Jeram, 1990). Few new records of fossil scor-
pions have turned up in recent years although in
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the otherwise sparsely recorded Mesozoic, scor-
pions reported from the Triassic of France (Gall,
1971), and the Cretaceous of Brazil (Campos,
1986) are currently under study.

PSEUDOSCORPIONIDA

Many pseudoscotpions are known from the
Tertiary (mainly in ambers, e.g. listed in
Schawaller (1982, table 1), and some are known
from Cretaceous ambers of Lebanon (Whalley,
1980) and Manitoba (Schawaller, 1991). How-
ever, the most important fossil pseudoscorpions
are well preserved specimens of Dracochela
deprehendor (Shear et al,, 1989; Schawaller et
al., 1991), in the Upper Devonian mudstones of
Gilboa, New York. Only protonymph and
tritonymph are known which, though modern in
many aspects, cannot be assigned with con-
fidence to extant taxa because both diagnostic
characters in the fossils and cladistic assessment
of extant forms are lacking.

SOLIFUGAE

The Carboniferous solifuge, Protosolpuga car-
bonaria Petrunkcvitch, 1913, was described as
being in a very poor state of preservation. It is
impossible to judge the validity of the identifica-
tion from the published photograph and drawing.
The only reliable fossil solifuge is Happlodontus
proterus Poinar and Santiago-Blay, 1989, from
Oligocenc Dominican amber.

OPILIONES

Until recently, Opiliones had a fairly typical
arachnid fossil record, being known only from
Upper Carboniferous strata and Tertiary ambers.
In 1985 a specimen was discovered in Lower
Carboniferous rocks of East Kirkton, near Edin-
burgh, Scotland (Wood et al., 1985), and a year
later, one was described from the Lower
Cretaceous of Koonwarra, Victoria, Australia
(Jell and Duncan, 1986). Both of these unnamed
specimens are long-legged opilionids but no far-
ther identification is possible (pers. obs.).

The order Kustarachnida Petrunkevitch, 1913
is included with the Opiliones, following Beall
(1986).

FIG. 2. Current knowledge of the fossil rccord of Aglaspidida, Pycnogonida and Chelicerata; data in Selden
(1993). Solid lines denote actual occurrence in the stage(s) concerned; interrupted lines indicate presumed
occurrence in intervening stages. ? denotes doubtful record. Note that taxon ranks are not equivalent; occurrences
of important genera Sarnictacaris (most plesiomorphic chelicerate) and Attercopus (oldest and most plesiomor-
phic spider) are shown scparatcly. Stratigraphic resolution is to stage; abbreviations in second column refer to
standard stage names (see e.g. endpapers of Briggs and Crowther, 1990).
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Uroryai

Well preserved uropygids are found in Coal
Measure rocks in Europe (e.g. Brauckmann and
Koch, 1983) and North Ameriea. All are placed
in the modern Thelyphonidae.

SCHIZOMIDA

Three species of schizomids are known from
the Pliocene ‘Onyx Marble’ quarries of Arizona
and one from the Oligocene of China (Lin er al.,
1988).

AMBLYPYGI

Fossil amblypygi are known from the Coal
Measures of Europe and North America and from
Tertiary ambers (e.g. Schawaller, 1979).
Amblypygi may be present in the Devonian of
Gilboa: a possible pedipalp tarsus was figured by
Shear er al. (1984) and Ecchosis pulchribothrium
Selden and Shear, 1991 may bclong in this group
(Selden et al., 1991).

ARACHNID PHYLOGENY

Selden (1990b) discussed three recent
phylogenetic hypotheses with the evidence of the
fossil record (Fig. 3). A cladogram which ac-
curatcly refleets evolutionary events predicts that
suceessive dichotomies should occur in ascend-
ing chronological order, and a eomplete fossil
record should show this. Weygoldt and Paulus’s
(1979) analysis (Fig. 3c) predicts that palpigrades
should occur in strata at least as old as Devonian
because the more derived mites and pseudoscor-
pions occur in beds of that age. In their scheme,
Opiliones occupy a derived position. Van der
Hammen (1989; tig. 3b) suggested that Opiliones
should oceur the Cambrian since they are tenta-
tively shown as sister group to Xiphosura + Scor-
piones. Shultz (1989, 1990; Fig. 3a) also placed
Opiliones in a position which predicts their
presence in Silurian times. Since scorpions were
aquatic then, so would opilionids have been.

None of the phylogenetic analyses (Fig. 3) in-
corporated extinct groups. Whilst it is impossible
to include ancestors in cladistic analyses, there is
no reason why well known extinct groups should
not be included, say at the Carboniferous level.
Apart from the emigmatic palpigrades and the
highly derived Schizomida, for which fossil
evidence is lacking, all arachnid orders were in
existence by that time.

MEMOIRS OF THE QUEENSLAND MUSEUM

4
i
g
=
. L3 F-
=4 k-3
T oy 2 05 i g g & 3 2
ﬁﬁgfgsgc;é%%‘
£ 2 E £ ¢ 5§ % & : & %
¢ £ < £ & = £ & & £ &
\\>//>/ \>/
I 4
3 Shuity 1894
-
A
£ 2
2 E =
£ &
2 .
5 3 9w 2 . = £
B £ ® & e « ¥ 3 &
5 3 9  : X E = 2 g
g I £ T § 2 g = £ &
= - & 2 7 T =
& 4 &5 & & 2 ¥ & 2
-

/<
\\ Uropyg
N /

s
\ ¢ hemblypy
4
.
e
\

van der Hammen 1989

b \
~
.
¥
2
]
= 2
» T 5 S 3§ w
S § £ & 3 £ 3 % % g 8
os‘.ﬁ"«u:g;:’gga
= 2 0x =* - = s = = =
> § B 2 &8 ® £ & § & = =
* - & £ <€ a = = & =

/

\ ~=ygmm e

FIG. 3. Cladograms of relationships among the arach-
nid groups as viewed by a. Shuliz (1990); b, van der
Hammen (1989); and ¢, Weygoldtand Paulus (1979),
Interrupted lines indicate uncertainty.

FUTURE PROSPECTS

Work in progress includes: palaeophysiology
of early terrestrial chelicerates—aquatic and ter-
restrial adaptations in euryplerids, scorpions, and
other Siluro-Devonian arachnids; palacobiology
of the Trigonotarbida: and Cretaceous spiders
from Canadian amber and the Santana Formation
of Brazil,
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